ABSTRACT. The genomic DNA encoding bovine Thyrotropin-Releasing Hormone Receptor (TRHR) was isolated from a bovine (Holstein) genomic library. Using PCR fragments of bovine candidate TRHR Transmembrane domain (TMD-III-IV) and C-terminus domain of mouse TRHR cDNA as probes, 9 × 10 5 plaques were screened to obtain several clones each containing the N-terminus or C-terminus domain. The bovine TRHR gene encoded 398 amino acids and has a long intron. The identity of the deduced amino acid sequence of bovine TRHR exceeded 88% that of mouse, rat or human. RT-PCR analysis indicated TRHR mRNA to be expressed in the pituitary and brain. -KEY WORDS: bovine, molecular cloning, Thyrotropin-Releasing Hormone Receptor.
AGGTACATAGCAATCT-3') at TMD-III, 0.15 µM reverse primer (5'-GTAGGGCATCCATAAAAGGGCAAA-3') at TMD-VI and 2.5 units AmpliTaq DNA polymerase. A PCR product of approximately 500 bp was obtained and labeled with [α-32 p] dCTP (3,000 Ci/mmol, NEN, U.S.A.) using a random primer labeling kit (Amersham, U.K.). A bovine genomic DNA library was purchased from CLONTECH (cat. #BL 1015j, U.S.A.) and approximately 10 6 plaques of the library were plated and transferred to nylon filters (Colony/Plaque Screen; NEN, U.S.A.). They were hybridized with the [α-
32 P] dCTP-labeled probe for 20 hr at 65°C in hybridization mix (1% SDS, 1 M NaCl, 10% dextran sulfate, 100 µg/ml salmon sperm DNA). After being washed twice with 2 X SSC/1% SDS for 15 min at 60°C, the filters were exposed to an Imaging Plate (Fuji Photo Film Co., Ltd., Japan). Two positive clones were obtained, and the genomic DNAs were digested by Sac I and 3.4 Kb (clone 1) and 5.0 Kb (clone 2) fragments were subcloned into SacI-digested pBluescript SK II + for sequencing. DNA sequences were determined by the dideoxy nucleotide chain termination method on a DNA sequencer 373S (Applied Biosystems, U.S.A.). Sequences were obtained for both strands of two independent clones. Sequence analysis was done using Genetyx-Mac software (Software Development Co., Ltd., Japan).
The isolated clones were sequenced and showed a high degree of identity to the nucleotide sequence of the region extending from the initiation codon to the fifth TMD of mouse [13] , human [1, 2, 7, 15] and rat [8] [9] [10] [11] 16 ] TRHR cDNAs. The N-terminus region encodes 263 amino acids. The genomic fragments contain a splicing consensus sequence [12] and a putative intronic sequence (Fig. 1) .
The C-terminal region of bovine TRHR gene was isolated from the same genomic library. Hybridization and washing conditions were the same as above except the mouse TRHR C-terminus fragment (1080 nt-1433 nt position [13] ) was used as probe. Four positive clones were obtained and the inserted genomic DNAs were digested by XhoI. 13 Kb (clone 1, 2, 3) and 14 Kb (clone 4) fragments were
The Thyrotropin-Releasing Hormone (TRH) stimulates the release of the thyroid-stimulating hormone (TSH) from thyrotrophs and prolactin (PRL) from lactotroph via the TRH receptor (TRHR) in the anterior pituitary [14] . The thyroid is thus activated and the alveolus develops in the mammary gland [14] . Thyrotropin-releasing hormonal regulation is thus essential to metabolism, homeostasis and milk production in animals. TRH is also considered a neurotransmitter or neuromodulator in the central and peripheral nervous systems [6] . TRH-related changes appear to be involved in various neural disorders [1, 2] . For clarification of the molecular mechanism of Thyrotropinreleasing hormonal regulation in cattle and detection of TRHR mutation or disorders of TRHR expression, the cloning and nucleotide sequencing of the bovine TRH receptor gene were carried out in this study.
The DNA probe for screening the bovine TRHR gene was prepared by RT-PCR using poly(A) + RNA extracted from female holstein pituitary as template. Reverse transcription of RNA to cDNA was carried out with Moloney Murine Leukemia Virus Reverse Transcriptase (MuLV-RT, Gibco-BRL, U.S.A.) and Oligo (dT) [12] [13] [14] [15] [16] [17] [18] . PCR primers were based on seven transmembrane domains (TMD) II, III and VI sequences of mouse TRHR cDNA [13] . 1st PCR was performed in a Thermal Cycler PJ-480 (TAKARA, Japan) for 30 cycles at 94°C for 1.5 min, 50°C for 2 min and 72°C for 4 min. One hundred micro liters of reaction mixture contained 200 ng cDNA, 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 2 mM MgCl 2 , 200 µM dNTP, 0.15 µM outer forward primer (5'-AACTGTTACCTG GTAAGTCTGGCT-3') at TMD-II, 0.15 µM reverse primer (5'-GTAGGGCATCCATAAAAGGGCAAA-3') at TMD-VI and 2.5 units AmpliTaq DNA polymerase (Perkin-Elmer, U.S.A.). Second PCR was performed for 30 cycles at the same temperature conditions, using one fifth of 1st PCR product, 0.15 µM inner forward primer (5'-ACCATTGAA The nucleotide sequence (s) reported in this paper has been submitted to the DNA Data Bank of Japan (DDBJ) with accession number (s) D83964, AB001751, AB001752. subcloned into XhoI-digested pBluescript SK II + for sequencing. These four clones were sequenced and found to have a high degree of homology to the exon 2 sequences of other mamalian TRHR cDNAs (Fig. 2) . The C-terminus region encodes 135 amino acids. Restriction enzyme mapping of ORF of bovine TRHR indicated a long intron at least 4 Kbp within the third putative intracytoplasmic loop. Splice doner/acceptor sites were confirmed by sequencing RT-PCR products coding fulllength TRHR cDNA (1,300 bp) using the sense primer (GGAAGGAGATGTGTTGAGAAGTGT) and anti-sense primer (GCTGTTTCCTCTCTTGGGTTGATA).
The deduced amino acid sequence of bovine TRHR was compared and aligned with those of three other mammalian species (Fig. 3) . The number of amino acids in bovine TRHR was 398 and identity between the amino acid sequences of bovine TRHR and other three mammalian species were 94.1% (Mouse), 93.9% (Rat), 96.0% (Human). Hydropathy analysis of the predicted bovine TRHR showed seven regions with hydrophobic amino acids, which is the seven trans membrane structures typical of G proteincoupled receptors.
Recently, an isoform of rat TRHR generated by alternative splicing has been identified [9, 10] . However, the physiological significance and functional differences of isoform receptors have yet to be determined. In rat [9] , an alternative splicing site is present in the C-terminal coding region. But such alternative splicing would not likely occur in bovine TRHR mRNA since no splicing consensus sequences [12] were found in the C-terminal coding region and only a single mRNA species was amplified by RT-PCR.
One thousand base pairs upstream the initiation codon of bovine TRHR, a possible Cap site and TATA box were found (Fig. 1) . There was no transcription factor Pit-1 consensus sequence [3] within 1,200 bp upstream the initiation codon.
The distribution of TRHR transcripts was examined by RT-PCR of poly(A) + RNA from the pituitary, brain, lung, liver, spleen and kidney (Fig. 4) . RT-PCR products of approximately 1,300 bp were obtained from the pituitary and brain sample, and sequenced using the DNA sequencer 373S. The sequences of two fragments from pituitary and brain were identical to the coding sequences of the genomic DNA clone.
Rat TRHR mRNA was detected in the pituitary but not the brain by northern blot analysis [8] , but was shown present in both organs by RT-PCR [10] . Bovine TRHR also appeared present at these sites but no alternative splicing product could be found by RT-PCR conducted in this study. Further examination will be thus made of the relation between milk production and the TRHR gene sequence, neural disorders and TRHR expression. A more detailed examination of the regulation of the TRHR mRNA expression in bovine cells and tissues should provide clarification of the metabolism, homeostasis and milk production of dairy cattle. Fig. 3 . Comparison of deduced amino acid sequences of TRHR for four mammalian species. The sequences are from mouse [13] (M), human [1, 2, 7, 15] (H) and rat [8, 9, 11, 16] (R) sources. The boxed amino acids were shown conserved among the four species. The putative splicing site is indicated by filled triangles.
